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纳米钛酸锶薄膜电极的组装及其对不锈钢的光电化学缓蚀性能
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钛酸锶在小于 380 nm光区较非CTAB协助合成的钛酸锶有更强的吸收.以 0.1 mol·L-1 NaOH+0.2 mol·L-1
Na2S溶液为光电极反应的电解质,测试了钛酸锶薄膜电极对304不锈钢在0.5 mol·L-1的NaCl腐蚀溶液中的
光电化学缓蚀性能. 304不锈钢在CTAB改性钛酸锶薄膜光电化学保护或不保护条件下,在0.5 mol·L-1 NaCl+
0.05 mol·L-1 HCl腐蚀溶液中腐蚀6 h前后的表面金相图表明,钛酸锶薄膜具有优异的光电化学抗腐蚀性能.
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Abstract: The photoelectrochemical properties of a SrTiO3 film coated on an indium-tin oxide (ITO)
conducting glass were investigated for the anticorrosion of 304 stainless steel (304SS) under solar light
illumination. The SrTiO3 nanocrystal powders were synthesized using a sol-gel process in the absence and
presence of the cetyltrimethyl ammonium bromide (CTAB) surfactant and characterized by X-ray diffraction
(XRD) and scanning electron microscopy (SEM). It was showed that the as-synthesized SrTiO3 materials
exhibit a single perovskite structure and the presence of CTAB leads to uniform particles with an average
size of 90 nm. The UV-Vis diffuse reflectance analysis shows that both SrTiO3 films that were prepared in
the absence and presence of CTAB surfactant absorbs strongly in the UV region with an absorption
threshold edge near 380 nm while the SiTiO3 prepared in the presence of CTAB exhibited a stronger
absorption in the UV region than those in the absence of CTAB. The photo-electrochemical anticorrosion
effects of SrTiO3 on 304 stainless steel substrates in a 0.5 mol·L-1 NaCl solution were investigated using a
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0.1 mol·L-1 NaOH and 0.2 mol·L-1 Na2S hole sacrifice electrolyte solution. Metallographic images of the
304 stainless steel before and after immersion in a 0.5 mol·L-1 NaCl+0.05 mol·L-1 HCl solution for 6 h
demonstrates that the SrTiO3 film coated photoelectrode exhibits excellent photoelectrochemical
anticorrosion performance on 304 stainless steel.
















































将 0.01 mol的硝酸锶(天津太茂, AR)溶解于 20
mL去离子水和20 mL冰乙酸 (天津博迪, AR)中,转
移到 250 mL三口烧瓶中,配成溶液.将 0.01 mol钛
酸丁酯(天津瑞金特, AR)搅拌分散于 40 mL无水乙
醇(烟台三和, AR)中,转移到 100 mL恒压滴液漏斗
中,并逐滴滴加于上述硝酸锶溶液中,室温搅拌,滴
加结束后,加入6 mL丙三醇(天津博迪, AR),并持续
搅拌 30 min.然后于室温静置成凝胶. 60 °C水浴锅
中干燥 24 h,最后于马弗炉中 700 °C的空气气氛中
煅烧 2 h (升降温速度均为 5 °C·min-1),得到钛酸锶
粉末. CTAB改性的钛酸锶的制备是在上述钛酸丁




电玻璃片上的.将 ITO导电玻璃切割成 1.5 cm×1.8
cm的小片,在丙酮中超声 30 min,去离子水超声 30
min,反复水洗, 80 °C烘干备用.取 0.05 g钛酸锶粉
体与0.5 mL去离子水混合,并在玛瑙研钵中研磨15
min至匀浆状.将 ITO玻璃片导电面一端用透明胶带
密封0.3 cm,预留出1.5 cm×1.5 cm导电区域,用滴管
移取两滴研磨液均匀涂覆在导电玻璃上,室温晾干,




























强为 300 W的模拟日光透过 ITO玻璃背面,照射到
钛酸锶薄膜上,19 激发产生的电子通过 ITO导电玻
璃、导线转移到304不锈钢电极上,同时在电化学工


































Fig.1 Experimental setup of the photoelectrochemical test
CE: counter electrode; RE: reference electrode; WE: working electrode
图2 溶胶-凝胶合成过程中未添加(a)和添加(b)表面活性剂
CTAB得到的钛酸锶粉体的XRD图谱
Fig.2 XRD patterns for SrTiO3 powders synthesized by
sol-gel processes in the absence (a) and presence (b) of
CTAB surfactant
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蚀池内为 0.5 mol·L-1 NaCl腐蚀溶液, 光电池内为
0.1 mol·L-1 NaOH + 0.2 mol·L-1 Na2S的电解质溶
液.从图5a可以看出,无光照的情况下持续300 s后
电势稳定在-325 mV左右, 启动光源后, 电极电势












图3 溶胶-凝胶合成过程中未添加(a, c)和添加(b, d) CTAB表面活性剂得到的钛酸锶粉体
及其光电极薄膜表面(c, d)的SEM图像
Fig.3 SEM images of SrTiO3 powders synthesized by sol-gel process in the absence (a, c) and presence (b, d) of CTAB
surfactant, and the photoelectrodes (c, d) fabricated with the SrTiO3 powders
图4 采用未添加(a)和添加(b) CTAB合成得到的
钛酸锶制备的薄膜电极的紫外-可见光漫反射吸收谱
Fig.4 UV-Vis diffuse reflectance spectra of the films
fabricated with the SrTiO3 powders synthesized by sol-gel
processes in the absence (a) and presence (b) of CTAB
图5 采用未添加(a)和添加(b) CTAB合成得到的钛酸锶耦
连304不锈钢电极的开路电势随光照变化的变化曲线
Fig.5 Open circuit potentials measured on 304 stainless
steel samples coupled with photoelectrodes coated with
different SrTiO3 powders prepared in the absence (a) and



































度为 8.75 μA·cm-2 (见图 7a), 添加CTAB的钛酸锶











条件下可以将置于 0.5 mol·L-1 NaCl腐蚀溶液中的




Fig.6 Polarization curves for 304 stainless steels coupled
with photoelectrodes coated with SrTiO3 powders
prepared in the absence (A) and presence (B) of
CTAB surfactant
(a) 304 stainless steel only in dark; (b) 304 stainless steel coupled




Fig.7 J-t curves measured in 0.5 mol·L-1 Na2SO4
electrolyte for photoelectrodes fabricated with SrTiO3
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度增加到0.05 mol·L-1,在光照条件下仍然可以将不
锈钢电位负移100 mV左右(见图8c),但继续增大盐





图 9是 304不锈钢电极在 0.5 mol·L-1 NaCl+
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